The electrical conductivity of lithium sulfate has been measured over the temperature range 575 -970 °C. It is found that A r r h e n i u s equations fit the experimental data slightly less well than empirical relations, such as (-3.297 + 6.894-10-3 * + 0.527-10~61-) Q~x cm' 1 for cubic Li.,S04 and x = ( -13.639 + 35.204-10-3 f -17.251 -IO-6 t2) Q -1 cm" 1 for molte'n L i,S 0 4 (t in degr. C ) . Due to the similarity in transport properties between cubic L i2S 0 4 and molten salts, comparisons with ionic melts are made in the discussion of our results. The ratio between the conductivity and the cation self-diffusion coefficient is less than required by the N e r n s t -E in s t e in relation, which indicates that rotation or ring mechanisms are of importance for diffusion in cubic L i2S 0 4 .
Accurate data on electrical conductivity are essen tial for the interpretation of transport properties of ionic compounds. In connection with other investi gations of cubic lithium sulfate 1, we decided to remeasure its electrical conductivity, although it has been measured several times previously 2-5. Many types of conductance cells have been used for meas urements in molten salts; for references see recent compilations of conductivity data 6 > 7.
Our first measurements were made in Vycor glass cells, but since these were corroded slightly by the melt, we changed to cells consisting of two concentric tubes of pure aluminium oxide (Alsint, W. Haldenwanger, Berlin-Spandau), see Fig. 1 . The lower opening of the small tube (i. d. 5 mm) was clad with a hood of platinum, and a ring of platinum was placed ----------SQ lt (eve| A ls in t inside this tube. The distance between the two elec trodes was about 4 cm. The cell was calibrated with 1 M KC1, giving a cell constant of 20 to 30 cm-1. The cell was placed in an electrical resistance furnace, which had three separate windings: a main one, and two auxiliary ones, by means of which the vertical tem perature gradient in the cell could be reduced to 0.1 degr/cm or less. An impedance bridge (Radio meter, Copenhagen, type GB 11a) was used. For each temperature, measurements were made at five dif ferent frequencies (5, 10, 25, 50 and 100kc/s) and the conductivity was calculated by extrapolating to infinite frequency, according to the relation R = R0 + k v-1/2. The change in R from 5 to 100 kc/s was about 3%. In aqueous solutions of many salts the frequency depen dence can be reduced by using platinized electrodes, but we found that such electrodes could not be used in molten Li2S04 (nor in Li2Mo04 or Li2W 04) . Reagent grade lithium sulfate (Hopkin & W il liams AnalaR) was used without further purification. The dried salt was filled into the wide Alsint tube and melted before the narrow tube with the electrodes was inserted. Both for the melt and for the solid salt series of readings were taken with increasing as well as with decreasing temperature. The melting point (860 "C) and the transition point (575 °C), however, were pas sed only when cooling. The temperature dependence is shown in Fig. 2 . Some preliminary measurements in the Vycor cell were made under an argon atmo sphere, but since the results did not deviate from meas urements in air, all work with the Alsint cells was done in air.
In the recent investigations by F o r l a n d and R e i t a n 4 and by 0 y e 5 the measurements were made at lower frequencies than we used. All three investi gations are in agreement regarding the general features of the temperature dependence of the con ductivity, although there are systematical differences of a few per cent, F o r l a n d and R e i t a n ' s result being lower, 0 y e ' s being higher than ours.
The temperature dependence of electrical con ductivity is often expressed by means of an A r r h e n i u s equation x = y.0 exp ( -Q/R T), where R is the gas constant, T is the absolute temperature and Q is interpreted as an activation energy. How ever, as more accurate data over extended tem perature ranges have become available, it has become clear that A r r h e n i u s equations do not give the best fit to the experimental data. Since we consider our measurements to be of good precision, we decided to test a number of empirical equations and to com pute the coefficients (A, B, etc.) as well as their standard deviations (s^ , Sß , etc.)8. Both linear and quadratic equations were computed:
(1)
I n x = y = A3 + B3(x -x ),
where z = x 2, and x and z are the average values of the x and 2 respectively, x is here either £ '10~3 or T'-i-lO3 where t = temperature C and T = tempera ture CK. Finally, for each equation the standard deviation s is calculated from
where xt is the measured conductivity and y.c is the corresponding calculated value, n is the number of measurements. Some of the obtained equations are summarized in Table 1 9. For many of the equations at least one of the coefficients has a standard devia tion of the same order of magnitude as the coefficient itself, which gives striking evidence to the fact that an equation might fit the measured data extremely well, even if the coefficients of the individual terms are very uncertain. Thus it is often difficult to prove that e. g. apparent slight deviations from linearity Table 1 . Temperature dependence of the electrical conductivity expressed by means of the equations (1) to (4). The standard deviation s is according to eqn. (5). For a-Li2S 0 4 results from three independent series of measurements were used to com pute the tabulated coefficients, while for the melt only one series of measurements was used. The eqns.
(1') to (4') are given only for the solid, since they are of interest merely for a discussion of curve-fitting. are significant. Also, rather small deviations between the data obtained in two careful series of measure ments might cause large differences between the coefficients of the two equations 10. The estimation of standard deviations of the coefficients obtained by curve-fitting is tedious, but is to be recommended before the experimentally obtained coefficients are interpreted in terms of available theories. The A r r h e n i u s equation does not fit our measure ments as well as the equations (1), (2), (2') and (4) do. Nevertheless equation (3) is used in Table 2 , been shown previously 11 it can be ambiguous, to which quantity of the salt the "activation energy" R B corresponds. Therefore it is preferable to dis cuss B instead of Q. It is evident that Ba is larger than Bm but smaller than Bß. The latter entity has not been calculated for our investigations, since the reproducibility was insufficient below the transition point. A s has been pointed out by 0 y e 5, B is the physical property that changes most at the melting point, by about a factor of two 12, while e. g. the change in conductivity is much less, about 28%.
A rather crude determination of the cation self diffusion coefficient in a-Li2S04 has been made 13, for which the ß-value is given in Table 2 [1964] . 12 For both 0 y e 's and our measurements the logarithmic plot of x vs shows a pronounced negative curvature for a-Li2S 0 4 . In Table 2 Ba is averaged over the whole tem perature range. If instead the slope of the curve is estimatmany transport properties a-Li2S04 resembles a melt rather than an "ordinary" solid, it is instructive to discuss the interrelation of self-diffusion and con ductivity for this solid in the same way as frequently is done for ionic melts. Thus, for a-Li2S04 B is larger for self-diffusion than for conductivity and the difference Bp -Bx is of the order of the absolute temperature, which F u r u k a w a has found to hold approximately for several molten salts 14; this might however be fortuitous in our case, since the standard deviation of Bd is 27%. Table 3 . Transport properties of a-Li2S 0 4: Equivalent con ductivity ( A ) , cation self-diffusion coefficient (D+ ) , N e r n s t -E i n s t e in relation factor 16 (a + ), and friction coefficient17 (ry). The latter are in CGS units. The calculation of friction coef ficients for the second model is oversimplified, and the results are only qualitative.
For the further discussion the equivalent con ductivity A is more suitable than y.. If the density is assumed to be 2.07 g/cm3 over the whole temperature range 15, the equivalent conductivities given in Table 3 are obtained. The cation self-diffusion coeffi cients D+ are estimated from an exponential rela tion 13. The degree of validity of the N e r n s t -E i n s t e i n relation can be tested by calculating 16
The cation valency z+ and transport number t+ are unity 13. a + is then approx. 0.6 over the whole tem perature range, while the N e r n s t -E i n s t e i n relation requires that a+ = 1. The accuracy of the D+ meas urements is probably low, and the value of a + is therefore not firmly established for a-Li2S04 , but a brief discussion may nevertheless be justified. For ed just below the melting point Ba (m) is about 3.5-10s for 0 y e ' s and 3.0 • 103 for our measurements. 13 A. L u n d e n , Z. Naturforsdig. 17 a, 142 [1962] . 14 K . F u r u k a w a , Disc. Faraday Soc. 32, 53 [1961] . 15 T. several other solid salts deviations of a + from unity have been found and they may readily be explained by assuming a suitable transport mechanism 16. On the other hand, if it is required that the N e r n s t -E i n s t e i n relation should hold (or that the correlation factor is larger th:in unity as required for several simple mechanisms), this leads to an "effective anion valency" less than 2 (about 1.2 for a + = 1), which is difficult to accept from the fact that F a r a d a y 's law holds for a-Li2S04 (I.e .13), although models where up to half of the lithium ions are fairly tightly bound in the lattice might have some support from X-ray studies, see below.
K l e m m has interpreted the transport properties of melts in terms of friction coefficients, which can be calculated for some simple models 17,18. The anion self-diffusion coefficient D has not been measured for a-Li2S04 , but it is obvious that D~ D+ , which means that anion-anion or anion-lattice friction coef ficients are infinitely large in comparison with cationcation or cation-lattice ones. We shall consider the simplest model with two components, where only the cation-cation (r++) and cation-anion (r+ _) friction coefficients are of interest. If complete ionization is assumed, i. e. that Li+ and S04~ are the sole entites, r + + becomes negative (Table 3 ) , which is currently interpreted as indicating the presence of "complex ions" .
According to X-ray investigations 15, 19 there are three possible lattice positions available for cations per anion, i. e. one position more than the number of cations. The relative size of these positions depends on the spatial orientation of the sulfate ions 15,19. It might well be that one third of the total number of positions are slightly more narrow than the others, and if we assume that a lithium ion in such a "sqeezed" position is trapped and immobile in comparison with the cations in wider positions, it is tempting to calculate friction coefficients also for other models, as done previously for molten nitrates and halides 17, 20, 21. E. g. positive friction coeffi cients are obtained, see Table 3 , by a calculation for a "two-component model" with Li+ and LiS04 ions. However, such a treatment is oversimplified, since it is a condition for applying the friction coefficient formalism that the exchange of marked atoms (i. e.
Li-atoms in our case) between the two components of the model does not contribute to self-diffusion 18. Objections can be made against the likelihood of immobile cations in the salt, and another inter pretation should be looked for. If all cations are assumed to be mobile, the deviation from the N e r n s t -E i n s t e i n relation indicates a coupled trans port mechanism. Another indication of this is ob tained by studying the isotope effect of electromigra tion, the magnitude of which is expressed by means of the mass effect /u. For all investigated solid or molten salts with a high ionic conductivity it is found both that -//<£, and that a = )= 1, while for e.g. NaCl -/< + = ? and a + = 1 (1. c. 16) . The fact that a + > 1 for a-Agl, but a + < 1 for a-Li2S04 and a < l for melts need not cause difficulties, as it is likely that the relative importance of the possible mechanisms is not the same in all salts. If the discussion now is restricted to the two solids, e. g. an indirect interstitial mechanism 16 might dominate in a-Agl, but con tribute little in a-Li2S04 . The simplest mechanism giving a = 0 is the paired vacancy one which, how ever, cannot be of importance when D _ D + . a < 1 is also obtained for ring mechanisms, where two or more ions (or vacanicies) move simul taneously round a configuration of a few sulfate ions. If a large number of lithium ions are involved in a cooperative motion in a-Li2S04 there might be some resemblance to the large rotating units, called globules, E g e l s t a f f has introduced in a recent model of liquid diffusion 22. (A similar interpretation seems also plausible for electrotransport phenomena in liquid metals 23.) The cooperative transport of a fairly large number of lithium ions might to a certain extent be associated with the expected strong rotational oscillations of the sulfate ions 19. Due to steric hindrance, rotation of the sulfate ions has to be strongly coupled.
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